Abstract
n Introduction Vortex spinning technology, making high whirl airflow twisting open-end trailing fibres into yarn, has achieved great success in the textile industry at present [1] . Rieter's J20 and Murata's No. 870 and No. 861, being marketed worldwide, are successful applications of vortex spinning technology, having the highest productivity and prominent yarn properties for present yarn manufacturing. The combination of coloured spinning and vortex spinning technologies diversifies the pattern of vortex spun yarns, making the resultant fabrics have the effect of three dimensional mixed colours, which creates a twilight and beautiful vision. Fabric made of vortex spun yarns has outstanding resistance to pilling and abrasion, high moisture absorption and diffusion properties, as well as quick drying characteristics [2 -4] . The performance of fabric made of vortex spun yarns is affected not only by the fabric structure but also by the structure and properties of vortex spun yarn. The varying process parameters of vortex spinning will bring about a structure-property change in vortex spun yarn, such as fibre alignment categories and spatial configuration within the yarn, the fibre packing density of the yarn cross-section, yarn stress relaxation property, yarn tensile property, yarn flexural rigidity, yarn unevenness, yarn imperfections, and yarn hairiness, and so on [5 -12] . Finally it affects the performance of fabric made of vortex spun yarns. n Results and discussion
Statistical analysis
Experimental responses of viscose fabric fabricated from vortex coloured spun yarns are given in Except for linear terms, any model terms having probability values (p-value) larger than 0.05 (indicating statistical significance at 95% confidence level) were discarded. Quadratic regression models for different response variables, such as the breaking strength, air permeability rate, dynamic drape coefficient and mass 
Equations 2 -5.
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55.8967 1.62x 1 augment, with the lowest fabric breaking strength given as the yarn count being 19.68 tex. Previous research has shown that coarser yarn yields better yarn tensile properties [14] . However, compared with the breaking strength of fabric made of 30 Ne yarns, that of fabric made of thinner yarns (14.76 tex) is higher, which may be caused by the variation of fabric structure due to yarn count change.
Air permeability property
The fabric air permeability property can be characterised well by the air permeability rate. A low air permeability rate means the fabric has a bad air permeability property, and vice versa. For the air permeability property of viscose fabric made of vortex coloured spun yarns, it is affected significantly by the yarn delivery speed and its quadratic term, as well as the quadratic term of the reciprocal of the yarn count, while nozzle pressure has less significant effects on the fabric air permeability, as can be seen from Table 5. Response surface plots of the fabric air permeability rate affected by the yarn formation process, such as nozzle pressure, yarn delivery speed and yarn count, are shown in Figure 2 .
The air permeability rate of viscose fabric takes a downward trend when the yarn delivery speed varies from 320 m/min to 380 m/min, which could be accounted for by the fact that a looser yarn structure and coarser yarn diameter, caused by the shortener staying time of open-end trailing fibres in the twisting chamber at a lower yarn delivery speed, makes the fabric have less pore space between yarns, resulting in a bad fabric air permeability property. The air permeabilthan 0.05 indicates that the quadratic regression model for the response variable is reasonable. For all response variables selected in this paper, interaction actions between the yarn formation process variables are insignificant to the response.
Fabric breaking strength
Based on the P values shown in Table 5 , the reciprocal of yarn count and its quadratic term were found to have significant effects on the fabric breaking strength, whereas the nozzle pressure and yarn delivery speed showed a less effect on the breaking strength of viscose fabric made of vortex coloured spun yarns prepared. Figure 1 shows three dimensional response surfaces constructed to show the effects of the yarn formation process (nozzle pressure, yarn delivery speed and yarn count) on the fabric breaking strength Y1. The fabric breaking strength decreases slightly with enhancing nozzle pressure and increases slowly with increasing yarn delivery speed, as can be seen from Figure 1 . However, decreasing the yarn count makes the fabric breaking strength drop firstly and then loss rate are given by Equations 2 -5, respectively:
A minus sign in front of the model item coefficient denotes that the increasing factor value is negative for the change of response variable, while a positive coefficient value of the model item denotes that response the variable increases with an increasing factor value. Squared multiple regression coefficients of regression models for the breaking strength, air permeability rate, dynamic drape coefficient and mass loss rate are 0.8066, 0.9241, 0.8937 and 0.7979, respectively. A higher squared multiple regression coefficient value of the regression model indicates that there was good agreement between the experimental and predicted values from the model. Table 5 shows the analysis of variance for response surface quadratic models for different response variables, such as the breaking strength, air permeability rate, dynamic drape coefficient and mass loss rate. The model term has a significant effect on the response variable if its p-value is less than 0.05. A p-value of the lack of fit more ity rate of viscose fabric increases firstly and then decreases with a decrease in the yarn count from 29.52 tex to 14.76 tex, the reason for which may be that coarser vortex yarn has more fibres in the yarn cross-section, resulting in fabric with a more compact structure and less pore space, and then a decrease in the fabric air permeability property. When the yarn count is lower, the same nozzle pressure acts on the reduced open-trailing fibres in the twisting chamber, resulting in a more compact yarn structure and more yarn hairiness for thinner vortex yarn, and then a decrease in the air permeability property of fabric made with the same knitting process parameters.
Dynamic drape behaviour
Drapability, considered to be one of the important properties for fabric, can be assessed by static and dynamic behaviors, which are mostly related to the beautiful appearance of clothes [15] . The dynamic drape coefficient of fabric is used to discuss the dynamic drapability of viscose fabric made of vortex coloured spun yarns. A lower dynamic drape coefficient means fabric with better drapability. The analysis of variance shows that the drapability of viscose fabric is affected significantly by the nozzle pressure (p-value is 0.004) and quadratic terms of three process variables used in the experiment (all p-values are less than 0.05), as given in Table 5 . Figure 3 shows the three-dimensional response surfaces which were constructed to show the effects of the yarn formation process variables (nozzle pressure, yarn delivery speed and yarn count) on fabric dynamic drape behaviour.
As can be seen from Figure 3 , when the nozzle pressure is lower than 0.5 MPa, the fabric dynamic drape coefficient decreases slightly with an increase in the nozzle pressure, resulting in an improvement in the drapability property of viscose fabric, while a higher nozzle pressure will make the fabric dynamic drape coefficient increase sharply, resulting in a worse fabric drapability property, which is caused by high yarn bending rigidity. The reason is that open-end trailing fibres wrap around the yarn body tightly in the twisting chamber due to the higher airflow force under higher nozzle pressure. Improving the yarn delivery speed from 320 m/min to 380 m/min makes the value of the fabric dynamic drape coefficient drop slowly, because of the lower yarn bending rigidity caused by shortening the staying time of open-end trailing fibres in the twisting chamber at a higher yarn delivery speed. The fabric dynamic drape coefficient decreases firstly and then in- of the yarn count and its quadratic term.
The air permeability property of viscose fabric is affected significantly by the yarn delivery speed and its quadratic term, as well as by the quadratic term of the reciprocal of the yarn count, while the nozzle pressure has less significant effects on fabric air permeability. The drapability of viscose fabric is affected significantly by the nozzle pressure and quadratic terms of the three process variables used in the experiment. The mass loss rate of viscose fabric is affected by the reciprocal of the yarn count and its quadratic term, as well as the quadratic term of the nozzle pressure.
The fabric breaking strength decreases slightly with the enhancement of the nozzle pressure and increases slowly with an increase in the yarn delivery speed, while the effect of gthe nozzle pressure and yarn delivery speed on the fabric breaking strength is not significant. Decreasing the yarn count from 29.52 tex to 14.76 tex makes the fabric breaking strength drop firstly and then augment slightly. The air permeability rate of viscose fabric decreases when the yarn delivery speed varies from 320m/min to 380m/min. However, a decreasing yarn count firstly makes the air permeability rate increase, and then decrease. The dynamic drape coefficient decreases at first and then increases with improving nozzle pressure or a decreasing yarn count. Increasing the yarn delivery speed makes the fabric dynamic drape coefficient decrease slowly. The mass loss rate of viscose fabric increases, reaches a peak, and then decreases with increasing nozzle pressure or decreasing yarn count.
sure also makes the fabric mass loss rate drop, because a too high nozzle pressure makes the yarn structure more compact due to a higher twisting airflow force.
Compared with the effect of nozzle pressure on the fabric mass loss rate, the yarn count has a reverse effect on it. Viscose colored yarn with a high yarn count has a higher fibre number in the yarn cross section, which makes the fabric structure more compact and thick, resulting in a low fabric mass loss rate. When the yarn count is lower, a decreasing fibre number in the yarn cross section means a higher airflow force acting on open-trailing fibres in the twisting chamber, resulting in a more compact yarn structure, and then an improving fabric abrasion resistance. However, increasing the yarn delivery speed will make the fabric mass loss rate drop slightly due to a looser yarn structure caused by the shortening staying time of open-end trailing fibres in the twisting chamber.
n
Conclusions
The influence of process variables on the properties of viscose fabric fabricated from vortex coloured spun yarns was analyzed by the regression analysis of different response variables, such as the breaking strength, air permeability rate, dynamic drape coefficient and mass loss rate. The higher squared multiple regression coefficient value determined in this paper shows a good quality of the fitting of the quadratic regression model to the response variable. Different response variables are affected by different model items. The fabric breaking strength is significantly affected by the reciprocal creases with an decrease in yarn count from 29.52 tex to 14.76 tex. The dynamic drapability property of viscose fabric made of coarser coloured vortex yarns is worse, because the yarn has more fibres in the yarn cross section and the fabric structure is more compact for a coarser yarn diameter. Viscose fabric made of thinner coloured vortex yarn also has a bad dynamic drapability property for a compact yarn structure, caused by the higher airflow force acting on open-trailing fibres in the twisting chamber due to reduced fibres in the thinner yarn cross section.
Fabric abrasion property
The fabric abrasion property is assessed by the mass loss rate due to periodic dynamic friction. A lower mass loss rate of fabric means its excellent abrasion property. From the analysis of variance for the mass loss rate seen in Table 5 , the p-values of x 3 , x 1 2 and x 3 2 are less than 0.05, which indicates that the mass loss rate of viscose fabric is affected by the reciprocal of the yarn count and its quadratic term, as well as the quadratic term of the nozzle pressure. Response surface plots under 50 times periodic dynamic friction for the effect of nozzle pressure, delivery speed and yarn count on the fabric mass loss rate are presented in Figure 4 . The response plots show that the mass loss rate of viscose fabric increases, reaches a peak, and then decreases when the nozzle pressure increases from 0.45 MPa to 0.55 MPa. The fabric structure may be more compact, which is caused by the coarser yarn diameter under lower nozzle pressure, resulting in a lower fabric mass loss rate. However, a higher nozzle pres- Increasing the yarn delivery speed makes the fabric mass loss rate drop slightly.
